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1
APPARATUS FOR DRY ETCHING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an apparatus for dry etching used
in semiconductor device manufacturing steps.

2. Description of the Related Art

Many apparatuses for dry etching have been proposed so
far, for instance, in Japanese Unexamined Patent Public
Disclosures Nos. 62-128122 published on Jun. 10, 1987,
1-172561 published on Jul. 7, 1989, and 3-126225 published
on May 29, 1991. FIG. 1 schematically illustrates a typical
one of such apparatuses. The illustrated apparatus for dry
etching has an etching chamber 101 highly evacuated by a
vacuum pump 102. In the etching chamber 101, a lower
electrode 103 is disposed near a bottom surface of the
chamber 101, and an upper electrode 104 is disposed above
and in parallel with the lower electrode 103. To the lower
electrode 103 is connected a high frequency power supply
106 through a matching box 105. To the upper electrode 104
is connected a gas introducing pipe 107. The upper electrode
104 is provided at a lower surface thereof with a plurality of
openings 109 through which the gas introduced through the
pipe 107 is to be blown out, and is electrically grounded.

A material to be etched, which is a semiconductor wafer
W in this case, is placed on the lower electrode 103. An
etchang process gas is introduced into the chamber 101
through the pipe 107 and sequentially the openings 109 of
the upper electrode 104, and concurrently the high frequency
power supply 106 provides a high frequency voltage with
the lower electrode 103, to thereby generate electric dis-
charge in the etching process gas to form a plasma. Thus, the
semiconductor wafer W is etched. |

However, a conventional apparatus for dry etching such
as atorementioned is often accompanied with a problem that
if one or more of etching conditions vary such as an etching,
pressure, a high frequency electrical power and a gas flow
ratio, the uniformity of etching in the wafer tends to have a
trade-off relationship with other etching properties such as a
profile and selectivity.

For instance, when aluminum is to be etched with the
apparatus explained with reference to FIG. 1, if a pressure is
set to be high, an appropriate uniformity could be obtained,
but a form would be resulted to be isotropic, whereas if a
pressure is set to be low, an anisotropic profile could be
obtained, but a uniformity would be deteriorated.

In view of this problem, there has been proposed an
apparatus for ensuring an anisotropic etching and also
enhancing the uniformity in an etched wafer. As illustrated
in FIG. 2, the apparatus includes a stationary ring 108
surrounding the semiconductor wafer W placed on the lower
electrode 103. The stationary ring 108 controls the discharge
of gas present on the wafer W and products of reaction to
thereby ensure an appropriate uniformity in etching.

However, when different Kinds of layers are to be etched
or when, even if the same layers are to be etched, different
etching properties such as a profile and a selectivity are
required because different functions are required in a semi-
conductor device, it 1s necessary to select a process gas and
etching condition in accordance with the requirements.
Thus, the use of the ring 108 having a fixed height is
accompanied with a problem that the etching properties are
not always compatible with the etching uniformity.

To solve this problem, it is necessary to use rings having
an appropriate height in dependence on etching conditions

10

15

20

23

30

35

40

45

50

35

60

65

2

or a kind of a layer to be etched. However, to use such
different rings decreases the availability of the apparatus.

In addition, when laminated layers in which different
kinds of layers are laminated are to be etched, a ring which
is appropriate to a specific layer is not always appropriate to
other layers for obtaining the desired uniformity, resulting in
that an appropriate uniformity for all layers cannot be
obtained. |

SUMMARY OF INVENTION

It is an object of the present invention to provide an
apparatus for dry etching which can ensure that the desired

etching properties are compatible with the uniformity of
etching even when different kinds of layers or laminated
layers are to be etched.

In one aspect, the invention provides an apparatus for dry

etching including a vacuum chamber into which an etching
gas 1s 1o be introduced, an electrode disposed in the vacuum

chamber, a material to be etched being placed on an upper
surtace of the electrode, a cylindrical ring disposed around
the material to be etched, and a mechanism for raising and
lowering the ring so that the ring is raised above or lowered
below the upper surface of the electrode.

In a preferred embodiment, the mechanism for raising and
lowering the ring includes support rods for supporting a
central circular portion of the upper surface of the electrode,

the central circular portion being defined by a circular slit
through which the ring is to be raised above and lowered
below the upper surface of the electrode, the material to be
etched being disposed on the central circular portion, and a
driver connected to a lower surface of the ring for moving
the ring upward and downward, a bottom surface of the ring

being provided with holes through which the support rods
pass.

in another aspect, the invention provides an apparatus for
dry etching including a vacuum chamber into which an
etching gas is to be introduced, an electrode disposed in the
vacuum chamber, a material to be etched being to be placed
on an upper surface of the electrode, a smaller diameter
cylindrical ring disposed around the material to be etched, a
larger diameter cylindrical ring disposed around the smaller
diameter cylindrical ring, and a mechanism for raising and
lowering the smaller and larger diameter rings so that the
rings are independently raised above or lowered below the
upper surface of the electrode.

In a preterred embodiment, the mechanism for raising and
lowering the smaller and larger diameter rings includes
support rods for supporting a central circular portion of the
upper susface of the electrode, the central circular portion
being defined by a circular slit through which the smaller
and larger diameter rings is to be raised above and lowered
below the upper surface of the electrode, the material to be
etched being disposed on the central circular potion, a first
driver connected to a lower surface of the smaller diameter
ring for moving the smaller diameter ring upward and
downward, a bottom surface of the smaller diameter ring
being provided with holes through which the support rods
pass, and a second driver connected to a lower surface of the
larger diameter ring for moving the larger diameter ring
upward and downward, a bottom surface of the larger
diameter ring being provided with holes through which the
support rods pass, the first and second drivers being coaxi-
ally disposed.

In another preferred embodiment, the material to be
etched is a semiconductor wafer.

In still another preferred embodiment, the smaller diam-
eter ring is provided at a circumiferential wall thereof with a

plurality of openings.
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In yet another preferred embodiment, the openings are
equally spaced from each other.

In still yet another preferred embodiment, the openings
are disposed wholly on the circumferential wall.

In further preterred embodiment, the openings are dis-
posed in a plurality of rows along a heightwise direction of
the circumferential wall.

In still further preferred embodiment, the rows of open-
ings are equally spaced from each other.

In yet further preferred embodiment, the rows of openings
are disposed wholly on the circumferential wall.

In still another aspect, the invention provides an apparatus
tor dry etching including a vacuum chamber into which an
etching gas is to be introduced, an electrode disposed in the
vacuum chamber, a material etched being to be placed on an
upper surface of the electrode, a smaller diameter cylindrical
ring disposed around the material to be etched, a larger
diameter cylindrical ring disposed around the smaller diam-
eter cylindrical ring, and a mechanism for rotating at least
one of the smaller and larger diameter rings relative to the
other, the smaller and larger diameter rings each being
provided at a circumtferential wall thereof with a slit, the slits
being to be overlapped relative to each other when at least
one of the rings is rotated relative to the other.

In a preferred embodiment, the apparatus further includes
a mechanism for raising and lowering the smaller and larger
diameter rings so that the rings are independently raised
above or lowered below the upper surface of the electrode.

In another preferred embodiment, the mechanism for
rotating at least one of the rings relative to the other includes
a controller for controlling a rotating angle of the mecha-
nism to vary an overlapping degree of the slits of the smaller
and larger diameter rings.

In stul another preferred embodiment, the mechanism for
rotating at least one of the rings relative to the other is a step
motor.

In yet another preferred embodiment, the mechanism for
rotating at least one of the smaller and larger diameter rings
relative to the other includes support rods for supporting a
central circular portion of the upper surface of the electrode,
the central circular portion being defined by a circular slit
along which the smaller and larger diameter rings are to be
rotated, the material to be etched being disposed on the
central circular portion, and a first driver connected to a
lower surface of the smaller diameter ring for rotating the
smaller diameter ring, a bottom surface of the smaller
diameter ring being provided with arc-shaped opening
through which the support rods pass. In this embodiment,
only the smaller diameter ring is rotated relative to the larger
diameter ring whereas the larger diameter ring is stationary
or unrotated.

In still yet another preferred embodiment, the apparatus
further includes a second driver connected to a lower surface
of the larger diameter ring for rotating the larger diameter
ring, a bottom surface of the larger diameter ring being
provided with arc-shaped openings through which the sup-
port rods pass, the second driver being disposed coaxially
with the first driver. In this embodiment, both the smaller
and larger diameter rings are rotated relative to each other.

In further preferred embodiment, the smaller and larger
diameter rings are provided with a plurality of slits. the slits
being circumferentially equally spaced from each other.

In still further preferred embodiment, the slits are dis-
posed wholly on the circumferential wall.

In yet further preferred embodiment, the smaller and
larger diameter rings are provided with a plurality of slits,
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the slits being disposed in a plurality of rows in a heightwise
direction of the circumferential wall.

In still yet further embodiment, the slit may be shaped as
a rectangle, circle or triangle.

The advantages obtained by the aforementioned present
invention will be described hereinbelow.

In the apparatus for dry etching in accordance with the
invention. the ring disposed around a material to be etched
has a variable height. Accordingly, even when different
kinds of materials are to be etched or the same kind of
materials are to be etched under different conditions, it is no
longer necessary to prepare a ring having an appropriate
height for a desired etching.

The apparatus for dry etching in accordance with the
invention may have smaller and larger diameter rings. These
rings may have a variable height and/or may be rotated
relative to each other to thereby vary an overlapping degree
of the slits formed at the circumferential walls of the smaller
and larger diameter rings. This arrangement makes it pos-
sible to adjust etching conditions to a slight degree to
thereby provide an appropriate and uniform etching for
various kinds of layers. In addition, this arrangement makes
it easy to uniformly etch a laminated structure in which
different kinds of layers are laminated.

The above and other objects and advantageous features of
the present invention will be made apparent from the fol-
lowing description made with reference to the accompany-
ing drawings, in which like reference characters designate
the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a conventional
apparatus for dry etching.

FIG. 2 is a schematic view illustrating an improvement to
the apparatus illustrated in FIG. 1

FI1G. 3 is a schematic view illustrating a first embodiment

of the apparatus for dry etching in accordance with the
invention.

FIG. 4A s a plan view of a lower electrode used in the first
embodiment.

FIG. 4B is a cross-sectional view taken along the line
A—A in FIG. 4A.

FI1G. 5A1is a cross-sectional view of a lower electrode and
a ring being raised.

FIG. 5B is a cross-sectional view of a lower electrode and
a ring being lowered.

FIGS. 6A and 6B are graphs for showing the advantages
obtained by the first embodiment.

FIG. 7A is a plan view of a lower electrode used in the
second embodiment.

FIG. 7B is a cross-sectional view taken along the line
B—B in FIG. 7A.

FIG. 8A is a cross-sectional view of a lower electrode and
smaller and larger diameter rings in which the larger diam-
eter ring is being raised.

FIG. 8B is a cross-sectional view of a lower electrode and
smaller and larger diameter rings in which the larger diam-
eter ring 1s lowered to the bottom.

FIG. 9A is a plan view of a lower electrode used in the
third embodiment.

FIG. 9B is a cross-sectional view taken along the line
C—C in FIG. 9A.

FIG. 10 is an enlarged perspective view illustrating slits
formed at circumferential walls of the smaller and larger
diameter rings.



5,660,673

<

FIGS. 11A, 11B and 11C illustrates various overlapping
degrees of the slits of the smaller and larger diameter rings.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments in accordance with the present
invention will be explained hereinbelow with reference to

drawings.

FIG. 3 illusttates a first embodiment. In an etching
chamber 1 highly evacuated by a vacuum pump 2. a lower
electrode 3 and an upper electrode 4 are disposed in parallel
with each other. To the lower electrode 3 is connected to a
high frequency power supply 6 through a matching box 5. To
the upper electrode 4 1s connected a gas introducing pipe 7.
The upper electrode 4 is provided at a lower surface thereof
with a plurality of openings 4a through which the gas
introduced through the pipe 7 is to be blown out, and is
clectrically grounded. As will be mentioned later, a semi-
conductor water W to be etched is placed on the lower
electrode 3, and a movable ring 8 surrounds the wafer W.

As illustrated in FIGS. 4A and 4B, the lower electrode 3
is of a flat cylindrical shape. The upper surface of the lower
electrode 3 is formed with a circular slit 9 to define a central
circular portion 3a on which the semiconductor wafer W is
to be placed. The cylindrical ring 8 made of quartz moves
upward and downward through the slit 9. The ring 8 is
integrally formed at its bottom end with a circular plate 10
to whtch is connected through a drive rod 12 a mechanism
11 for raising and lowering the ring 8. The mechanism 11
raises the ring 8 above the upper surface of the lower

electrode 3 to a desired degree and lowered the ring 8 below
the upper surface of the lower electrode 3. FIG. 5A illus-

trates that the ring 8 1s raised to an intermediate position, and
FIG. 3B illustrates that the ring 8 is lowered to a bottom
position and accordingly the degree of projection of the ring
8 above the upper surface of the lower electrode 3 is zero.

The central circular portion 3a defined by the circular slit
9, on which the semiconductor wafer W is placed, is
supported against the lower electrode 3 by a plurality of
support rods 13 passing through the circular plate 10 through
holes 10a formed therein.

The mechanism 11 for raising and lowering the ring 8 may
comprise an air cylinder and a stepping motor.

The apparatus for dry etching in accordance with the first
embodiment operates as follows.

After a material to be etched, which is the semiconductor

wafer W 1n the first embodiment, is placed on the lower
electrode 3, an etching process gas is introduced into the
chamber 1 through the openings 4a of the upper electrode 4
and further a high frequency voltage is applied to the lower
electrode 3. Thus, there is generated a discharge in the
process gas to thereby generate plasma with the result that
the semiconductor wafer W is etched.

While the etching is being carried out, the mechanism 11
raises the ring 8 above the upper surface of the lower
electrode 3 so as to control the discharge of gas and products

of reaction present on the semiconductor wafer W to thereby
ensure the uniformity in etching.

FIGS. 6A and 6B show the distribution of the etching rate
of Al—Si—Cu alloy layer and TiN layer in the wafer
respectively in dependence on the projecting height of the
ring 8 above the upper surface of the lower electrode 3.

The etching conditions for Al—Si—Cu alloy layer are as
follows.

6
Gas mixture ratio: Cl,:BCl;:N,=5:2:3
Density of high frequency electrical power: 0.7 Watts/m?

Pressure: 10 Pa
The etching conditions for TiN layer are as follows.

Gas mixture ratio: CL,:BCl,=5:5
Density of high frequency electrical power: 0.4 Watts/cm?

Pressure: 20 Pa
As can be understood from FIG. 6A, with respect to the

- Al—Si—Cu alloy layer, when the projecting height of the

10

15

20

25

30

35

40

45

50

35

60

65

ring 8 is zero or when the ring 8 is not projected above the
upper surface of the lower electrode 3, the etching rate in the
peripheral portion of the wafer W is higher than the etching
rate in the central portion of the wafer W. However, in
proportion to the projecting height of the ring 8 above the
upper surface of the lower electrode 3. the etching rate of the
periphery portion of the semiconductor wafer W is lowered.
When the projecting height of the ring 8 reaches about 40
millimeters, substantially uniform etching rate can be
obtained.

To the contrary, as can be understood from FIG. 6B, with
respect to the TiN layer, even when the projecting height of
the ring 8 is zero or when the ring 8 is not projected above
the upper surface of the lower electrode 3, the uniform
etching rate can be obtained. As the ring 8 is raised above the
upper surface of the lower electrode 3, the etching rate in the
periphery portion of the semiconductor wafer W is
decreased with the result of the deteriorated uniformity.

Accordingly, for instance when laminated layers includ-
ing Al—Si—Cu alloy layers and TiN layers is to be etched,
it is preferable that the Al—Si—Cu alloy layers are etched
with the ring 8 being raised above the lower electrode 3 by

40 millimeters whereas the TiN layers are etched with the
ring 8 not projected above the lower electrode 3. Thus, the

uniform etching can be carried out for both the Al—Si—Cu
alloy layers and the TiN layers and hence the entire lami-
nated structure including the Al—Si—Cu alloy layers and
the TiN layers can be uniformly etched.

FIGS. 7A and 7B illustrates a lower electrode for use with
a second embodiment in accordance with the invention. In
the second embodiment, the apparatus for dry etching has a
smaller diameter ring and a larger diameter ring. The com-
bination of these two rings ensures more appropriate control
of the discharge of gas and products of reaction.

As illustrated, a smaller diameter ring 8A is disposed
around the water W and a larger diameter ring 8B is
disposed around the smaller diameter ring 8A. The rings 8A
and 8B are integrally formed with support plates 10A and

10B respectively to which is connected through coaxially
disposed drive rods 12A and 12B a single mechanism 11A

which raises and lowers the rings 8A and 8B independently.
The mechanism 11A may comprise various known structure
or structures such as an air cylinder unit or a stepping motor,
as is easily understood to those skilled in the art.

The smaller diameter ring 8A is provided at a circumfer-
ential wall thereof with a plurality of openings 14. The
openings 14 are disposed in two rows in a heightwise
direction of the circamferential wall of the ring 8A and
circumferentially equally spaced from each other. The open-
ings 14 are disposed wholly over the circumierential wall of
the ring 8A. However, it should be noted that the openings
may be provided to the larger diameter ring 8B, and that
openings 14 may be formed in a single row, unequally
spaced from each other or partially formed over the circum-
ferential wall of the ring.

It should be noted that parts in the second embodiment
which correspond to those in the first embodiment have been
provided with the same reference characters.
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As illustrated in FIGS. 8A and 8B. in etching. while the
smaller diameter ring 8A is kept in projecting above the
upper surface of the lower electrode 3, the mechanism 11A
is allowed to raise or lower the larger diameter ring 8B to
thereby ensure successively vary the relationship between
the two rings 8A and 8B. For instance, the larger diameter
ring 8B may be kept below the upper surface of the lower
electrode 3 as illustrated in FIG. 8B, and then only the
smaller diameter ring 8A is used to control the discharge of
gas and products of reaction. In this case, the openings 14
formed at the circumferential wall of the smaller diameter
ring 8A can vary substantially an area of the circumferential
wall to thereby enable to control the discharge on the
semiconductor wafer W under a different condition from that
of the first embodiment. In addition, by varying the project-
ing height of the larger diameter ring 8B, it is possible to
control the distribution of the etching rate in the wafer W in
a different fashion from that of the first embodiment. Thus.
it 1s possible to enlarge an area in which the distribution of
the etching rate can be compensated for different kinds of
layers and/or changes of etching conditions.

FIGS. 9A and 9B illustrate a lower electrode for use with
a third embodiment. In the third embodiment, similarly to
the second embodiment, the apparatus for dry etching has
the smaller diameter ring 8A and the larger diameter ring 8B
both of which are connected to the mechanism 11A for
raising and lowering the rings 8A and 8B. The third embodi-
ment is characterized by that the smaller diameter ring 8A is
adapted to rotate around an axis of the drive rod 12A by
means of a stepping motor 18. As illustrated in FIG. 9A, the
circular plate 10A is provided with arc-shaped slits 16
through which the supports rods 13 pass. The arc-shaped
slits 16 ensure that the smaller diameter ring 8A rotates
within an angle defined by the arc.

It should be noted that, though the smaller diameter ring
8A 1s adapted to rotate in the third embodiment, the larger
diameter ring 8B may be adapted to rotate in place of the
smaller diameter ring 8B or both the rings 8A and 8B may
be adapted to rotate in the same direction or an opposite
direction.

As illustrated in FIG. 10, the smaller and larger diameter
rings 8A and 8B are circumferentially provided with a
plurality of slits 17 and 18 each equally spaced from each
other.

Thus, the smaller diameter ring 8A and the larger diameter
ring 8B may be raised or lowered independently of each
other, and accordingly it is possible to carry out substantially
the same control of the discharge as that of the second
embodiment. In addition, since the smaller diameter ring 8A
1s rotated by the stepping motor 15, the ring 8A can be
rotated by a desired rotation angle. Thus, by rotating the
smaller diameter ring 8A by a small angle, the relative
positional relationship between the rings 8A and 8B can be
varied to thereby enable to control degree of overlap of the
slits 17 and 18, as illustrated in FIGS. 11A. 11B and 11C.
FIG. 11A illustrates that the slits 17 of the smaller diameter
ring 8A entirely overlaps the slits 18 of the larger diameter
ring 8B to thereby form a full open state, FIG. 11B illustrates
that the slits 17 partially overlaps the slits 18 to thereby form
a partial open state, and FIG. 11C illustrates that the slits 17
do not overlap the slits 18 at all to thereby form a closing
state of slits.

Thus, 1t 1s possible to successively vary a substantial
opening area formed in accordance with the overlapping
degree of the rings 8A and 8B. to thereby make it possible
to further enlarge an area, relative to the second
embodiment, in which the distribution of the etching rate can
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8

be compensated for different kinds of layers and/or changes
of etching conditions.

It should be noted that the slits 17 and 18 may have a
triangular or circular shape or other suitable shapes. By
forming the slits 17 and 18 in other shape than a rectangle
as illustrated in FIG. 10, it is possible to vary arate of change
of the opening area in the circumferential walls of the rings
8A and 8B relative to rotation angles of the smaller diameter
ring 8A, to thereby enable to control the etching process
under different conditions.

There are many arrangements in the formation of the slits
17 and 18. For instance, the slits 17 and 18 may be
circumferentially equally spaced from each other. The spac-
ing between the adjacent slits 17 may be equal to or different

from the spacing between the adjacent slits 18. In FIGS. 9A,
9B and 10, the slits 17 and 18 are formed in a single row,

however, the slits 17 and 18 may be formed in two or more
rows disposed in a heightwise direction of the circumferen-
tial walls of the rings 8A and 8B. In addition. the slits 17 and
18 may be formed wholly or partially along the circumfer-
ential walls of the rings 8A and 8B.

While the present invention has been described in con-
nection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alterpatives, modifi-
cations and equivalents as can be included within the spirit
and scope of the following claims.

What is claimed is:

1. An apparatus for dry etching comprising:

a vacuum chamber into which an etching gas is to be
introduced;

an electrode disposed in said vacuum chamber, said
electrode having an upper surface for supporting a
material to be etched;

a smaller diameter cylindrical ring disposed around said
electrode; .
a larger diameter cylindrical ring disposed around said
smaller diameter cylindrical ring; and
means for independently raising said smaller and larger
diameter rings above said upper surface of said elec-
trode and for independently lowering said smaller and
larger diameter rings below said upper surface of said
electrode.
2. An apparatus for dry etching in accordance with claim
1, wherein said means for raising and lowering said smaller
and larger diameter rings comprises:

support rods for supporting a central circular portion of
said upper surface of said electrode, said central circu-
lar portion being defined by a circular slit through
which said smaller and larger diameter rings is to be
raised above and lowered below said upper surface of
said electrode. said material to be etched being dis-
posed on said central circular portion;

first means connected to a first circular plate at a lower
surface of said smaller diameter ring for moving said
smaller diameter ring upward and downward, a bottom
surface of said first circular plate being provided with
holes through which said support rods pass; and

second means connected to a second circular plate at a
lower surface of said larger diameter ring for moving
said larger diameter ring upward and downward, a
bottom surface of said second circular plate being
provided with holes through which said support rods
pass. said first means and second means being coaxially
disposed.
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3. An apparatus for dry etching in accordance with claim
1. wherein said material to be etched comprises a semicon-
ductor wafer, said upper surface of said electrode being
dimensioned so as to accommodate said semiconductor
watfer.

4. An apparatus for dry etching in accordance with claim
1, wherein said smaller diameter ring is provided at a
circamferential wall thereof with a plurality of openings.

5. An apparatus for dry etching in accordance with claim
4, wherein said openings are equally spaced from each other.

6. An apparatus for dry etching in accordance with claim
4, wherein said openings are disposed wholly on said
circumferential wall. ~

7. An apparatus for dry etching in accordance with claim
4. wherein said openings are disposed in a plurality of rows
along a heightwise direction of said circumferential wall.

8. An apparatus for dry etching in accordance with claim
7, wherein said rows of openings are equally spaced from
each other.

9. An apparatus for dry etching in accordance with claim
7. wherein said rows of openings are disposed wholly on
said circumnferential wall. |

10. An apparatus for dry etching comprising:

a vacuum chamber into which an etching gas is to be
introduced;

an electrode disposed In said vacuum chamber, said
electrode having an upper surface for supporting a

material to be etched;

a smaller diameter cylindrical ring disposed around said
electrode;

a larger diameter cylindrical ring disposed around said
smaller diameter cylindrical ring; and

means for rotating at least one of said smaller and larger
diameter rings relative to the other,

said smaller and larger diameter rings each being pro-
vided at a circumferential wall thereof with a slit, said
slits overlapping each other when at least one of said
rings is rotated relative to the other.

11. An apparatus for dry etching in accordance with claim
10 further comprising means for raising and lowering said
smaller and larger diameter rings so that said rings are
independently raised above or lowered below said upper
surface of said electrode. |

12. An apparatus for dry etching in accordance with claim
11, wherein said means for raising and lowering said smaller
and larger diameter rings comprising:

support rods for supporting a central circular portion of

said upper surface of said electrode, said central circu-
lar portion being defined by a circular slit through
which said smaller and larger diameter rings are to be
raised above and lowered below said upper surface of
said electrode, said material to be etched being dis-
posed on said central circular portion;

first means connected to a first circular plate at a lower
surface of said smaller diameter ring for moving said
smaller diameter ring upward and downward, a bottom
surface of said first circular plate being provided with
holes through which said support rods pass; and

second means connected to a second circular plate at a
lower surface of said larger diameter ring for moving
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said larger diameter ring upward and downward, a
bottom surface of said second circular plate being
provided with holes through which said support rods
pass,

said first means and second means being coaxially dis-

posed.

13. An apparatus for dry etching in accordance with claim
10 wherein said means for rotating at Ieast one of said rings
relative to the other inciudes means for controlling a rotation
angle of said means to vary a degree of overlap of said slits
of said smaller and larger diameter rings.

14. An apparatus for dry etching in accordance with claim
13, wherein said means for rotating at least one of said rings
relative to the other comprises a stepping motor.

15. An apparatus for dry etching in accordance with claim
10, wherein said means for rotating at least one of said
smaller and larger diameter rings relative to the other
includes:

support rods for supporting a central circular portion of
said upper surtace of said electrode, said central circu-
lar portion being defined by a circular slit along which
said smaller and larger diameter rings are to be rotated,
said material to be etched being disposed on said
central circular portion; and

first means connected to a lower surface of said smaller
diameter ring for rotating said smaller diameter ring, a
bottom surface of said smaller diameter ring being
provided with arc-shaped opening through which said
support rods pass, - -

whereby only said smaller diameter ring is rotatable
relative to said larger diameter ring, said larger diam-
eter ring being unrotated.

16. An apparatus for dry etching in accordance with claim

15 further comprising second means connected to a lower
surface of said larger diameter ring for rotating said larger
diameter ring, a bottom surface of said larger diameter ring
being provided with arc-shaped openings through which
said support rods pass,

said second means being disposed coaxially with said first
means,

whereby both said smaller and larger diameter rings are

rotatable relative to each other.

17. An apparatus for dry etching in accordance with claim
10, wherein said smaller and larger diameter rings are
provided with a plurality of slits, said slits being circumfer-
entially equally spaced from each other.

18. An apparatus for dry etching in accordance with claim
17, wherein said slits are disposed wholly on said circum-
ferential wall. |

19. An apparatus for dry etching in accordance with claim
10. wherein said smaller and larger diameter rings are
provided with a plurality of slits, said slits being disposed in
a plurality of rows in a heightwise direction of said circum-
ferential wall.

20. An apparatus for dry etching in accordance with claim
10, wherein said slit has a shape of a rectangle, circle or
triangle.
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